Growth of Muscle Tissue via Hypertrophy and Hyperplasia in Trained, De-trained and Untrained Athletes 

Abstract
This paper will cover the different ways in which muscle is built. The first being Hypertrophy which is a direct increase in muscle mass size and the cross-sectional area of the muscle tissue. However this is not the growth of new muscle fibres. The increase in size is due to an increase in density opposed to an increase in muscle fibre length or an increase in fibre volume. The second of which will be hyperplasia; ‘Similarly to hypertrophy it does result in a direct increase in muscle size; however the process of hyperplasia is the increase in cell volume/number of muscle fibres.  Where as seen above hypertrophy is the increase in muscle fibre size.’ [5] I will then go on to talk about Muscle Protein synthesis, its function in muscle building and how we can optimise it by altering our diet. I will then talk about progressive overload a useful tool we can use in our programming to inhibit all of the above to optimize muscle building in terms of training. Finally I will summarise why all these factors above are essential for creating an adequate muscle building environment that allows the trainee no matter of training level to maximise the amount of muscle gained in the shortest period of time.
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Introduction
When we talk about hypertrophy in both enhanced and natural athletes we are referring to the process of increasing the size of muscle tissues in the human body. Hypertrophy covers the basis of muscular size gained from completing exercise; the most efficient way to achieve hypertrophy is through weight lifting directly. When looking at progressive overload which is the stimulus directly related to hypertrophy.  I will cover the process of the human body being forced to adapt to new stimulus. By this I mean the body being forced to adapt a tension (weight) that it has not previously experienced. This new tension therefore forces the body to adapt in order to handle the new strain that it has experienced by undergoing hypertrophy and increasing muscle density and strength.
[bookmark: _Toc25237061]What is Hypertrophy
Hypertrophy is a direct increase in muscle mass size and the cross-sectional area of the muscle tissue. However this is not the growth of new muscle fibres. The increase in size is due to an increase in density opposed to an increase in muscle fibre length or an increase in fibre volume. Despite what is presumed about muscle gain both cardiac tissue and skeletal tissue respond to an increased workload via hypertrophy. As stated by Richard Henandez and Len Kravitz ‘With cardiac muscle, the heart becomes more effective at squeezing blood out of its chambers, whereas skeletal muscle becomes more efficient at transmitting forces through tendonous attachments to bones ‘ [1]. In this paper however we will be looking at increasing muscular size and density on the skeletal of natural athletes.
In order to inhibit hypertrophy and gain muscle mass two things need two occur, stimulation of the muscle tissue and repair of the damaged tissue. The stimulation of the muscle would occur during the period of time of which it is being trained through resistance training or when the muscle is experiencing some kind of stress. The repair portion of muscular growth occurs after the muscle tissue has been stimulated causing damage and the athlete is in a state of rest, this allowing the body to repair and the damaged muscle fibres. 
As seen on Mens Health by Dr Rachel Tavel ‘Dormant cells called satellite cells, which exist between the outer and basement membranes of a muscle fiber become activated by trauma, damage or injury — all possible responses to the stress of weight training. An immune system response is triggered, leading to inflammation, the natural clean up and repair process that occurs on a cellular level.’ [2] When referring to muscular repair through satellite cells this is not the process of growing new muscle fibre. In fact this is the process of a direct increase in size of the muscle fibres. This is because the original satellite cells divide and the daughter cells are drawn to the damaged tissues, before sharing their nuclei with the damaged tissue stimulating repair increasing fibre size. 
[image: https://jeb.biologists.org/content/jexbio/219/2/235/F4.large.jpg?width=800&height=600&carousel=1]As seen from what I have paraphrased from a study from New Mexico University ‘Usually these cells are dormant, however they come to be activated when the muscle fibre receives any form of trauma, damage or injury, such as from resistance training overload. The satellite cells then multiply, and the daughter cells are drawn to the broken muscle site. They then fuse to the existing muscle fibre, donating their nuclei to the fibre, which helps to regenerate the muscle fibre. It is necessary to emphasize the factor that this manner is not developing greater skeletal muscle fibres (in humans), but growing the dimension and quantity of contractile proteins (actin and myosin) within the muscle fiber.’ [1]. 
Figure 1 - [3]

Figure 1, dictates the cycle of cellular hypertrophy.  Focussing on the untrained part of the diagram we can gain a clear image of what is happening during the process of muscle growth. Starting from an untrained muscle fibre we can see that it is not very dense has minimal nuclei. Once we stimulate this atrophied tissue and hypertrophy begins we move round to the growth section of the diagram where satellite cells in the basal membrane multiply, fuse and add more myonuclei to the muscle tissue resulting in muscular hypertrophy and an increase in muscle size. Once nuclei have been added to the muscle tissue it is a permanent adaptation meaning that if the muscle were to atrophy due to detraining. When the trainee begins to train again, they would gain muscle far faster due to the nuclei being already available in the tissue opposed to having to create new nuclei. We see this rapid growth in detrained athletes usually when they are returning from injury in both natural and enhanced athletes. There are diminishing returns however they athlete will only be able to quickly rebuild size to what they previously reached. After this point they would then need to recruit new nuclei referring back to the untrained part of the diagram. Known as muscle memory ‘The term muscle memory has also been used for the ability to rebuild muscle mass and strength, as previous strength exercise seems to make it easier to regain muscle mass later in life even after long intervening periods of inactivity and mass loss’ [4]
[bookmark: _Toc25237062]Growth of New Muscle Fibres (Hyperplasia)
‘When we look at growing new muscle fibres all together we refer to this as hyperplasia (Hyperplasia does not only take part in muscle tissue). Similarly to hypertrophy it does result in a direct increase in muscle size; however the process of hyperplasia is the increase in cell volume/number of muscle fibres.  Where as seen above hypertrophy is the increase in muscle fibre size.’ [5] We tend to see Hyperplasia take a back seat when we talk about muscular gain because generally it is rare we will gain new muscle fibres as mass majority of growth with come from muscular hypertrophy in both natural and enhanced athletes.  In saying that when we do see hyperplasia take place we do tend to see it mainly in enhanced athletes this is likely due to them having super physiological levels of testosterone and being protein synthesis being elevated far longer than in natural athletes. Something I will cover further on in the report.
Similarly to hypertrophy in order for muscle fibres to grow we again need to undergo the same process of stimulation and repair. When this occurs unlike hypertrophy we are looking at complete formation of new fibres. Again this process relies heavily on the satellite cells that can go from dormant to active and convert to muscle fibre. ‘Skeletal muscles are key in muscle building process and are located between the sarcolemma and basement membrane of the of the muscle fibres. They act as a reserve population of cells able to activate in response to injury of muscle tissue. This allows them to change and alter their proteins to adapt and repair the damaged parts of muscular tissue’ [6] 
So form this we can take away then these cells are able to adapt and change into muscle fibres which inhibits the conclusion that they are responsible for not just hypertrophy but hyperplasia. 
This begs the question how hyperplasia takes place. ‘There are two methods upon which we can see hyperplasia take place, when a muscle fibre is spit forming 2 separate fibres or when the Satellite cells undergo cell division and mitosis and form new fibres.’ [7] This generally being after the muscle has been stimulated and damaged and the body gives out an inflammation response resulting in muscular growth. We can see an example of this in a study where a cat was forced to use one paw to access food. ‘This took place over a 46 week period just using the same paw which resulted in a larger number of muscle fibres compared to the unused paw. This was determined to be due to muscle fibre splitting taking place.’ [8] by the splitting of these fibres it would then allow for hypertrophy to take place across my fibres in the long run.
Figure 2 - [9]
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I have inserted figure 2 to dictate the key difference between the different types of muscle growth. Here we can clearly see that during the process of hyperplasia we are creating new muscle tissue cells. Whilst during hypertrophy we are directly increasing muscle size through Myonuclei overload ‘The process of untrained muscles acquire newly formed nuclei by fusion of satellite cells preceding the hypertrophy.’ [10]







Muscle Protein Synthesis
[image: http://www.nutritiontactics.com/wp-content/uploads/2016/08/Moore-2009.jpg]Protein synthesis is the process of creating specific proteins to be used in the body. We will be looking specifically at muscle protein synthesis;’ protein synthesis is a naturally occurring process in which protein is produced to repair muscle damage caused by intense exercise. It is an opposing force to muscle protein breakdown (MPB) in which protein is lost as a result of exercise.’ [11]
So the take away from this is that when we exercise we are damaging muscle tissue therefore breaking down proteins. We then need to undergo protein synthesis to replace these lost proteins and build new muscle tissue. 
In order to undergo protein synthesis however we first need to consume enough food and protein to facilitate the creation of new proteins. ‘When data of several studies was combined and the amount of protein was expressed per bodyweight, it was found that on average 0.25 g/kg would optimize muscle protein synthesis.’ [12] The take away from this would be that in order to benefit from protein synthesis athletes would need to eat at least 0.25g of protein per kg of bodyweight. 
Figure 3 - [13]









Figure 3 is a graph showing the increase in muscle protein synthesis correlated to amount of protein consumed. As we can see from the graph the more protein we consume the higher the protein synthesis level up to a certain point of diminishing returns where we start to level off. Which shows despite common belief the more protein we consume doesn’t always mean better results. 

Muscle protein synthesis (MPS) directly inhibits hypertrophy/hyperplasia; this means if we aren’t under-going MPS then we aren’t undergoing hypertrophy/hyperplasia either. This study suggests that ‘After a heavy training session MPS is doubled for 24hours and slowly returns to baseline after the 36hr mark’ [14] Suggesting that after a muscle group is trained a muscle group is able to develop muscle tissue for up to 36hrs later.  We also know that without the aid of protein synthesis we would not be gain muscle and is extremely diet related as you need a higher protein and calorie intake as ‘muscle growth can only occur if muscle protein synthesis exceeds muscle protein breakdown; there must be a positive muscle protein balance.’ [15] Suggesting we need to consume enough protein and calories to gain muscle
[bookmark: _Toc25237064]Progressive Overload 
Progressive Overload, ‘this is the principle of placing planned stress on the body that exceeds stress that has been placed on the body previously during any physical activity including resistance training.’ [16] This principle forces the body to adapt to new stimulus which directly inhibits Hypertrophy/Hyperplasia, without this principle we cannot gain muscle. ‘There are 4 key ways of inducing progressive overload 1)Increasing intensity – lifting heavier weight in your next session 2)Increasing Volume – increasing/decreasing volume – the process of either increasing repetitions at a lower weight or decreasing repetitions at a heavier weight 3)Increasing Frequency – Training more often in a week 4)Increasing Tension- Time under tension rule keeping a muscle under tension for longer periods of time.’- [17] In order to optimise training all these factors should be taken into account to inhibit Hypertrophy/Hyperplasia. However seeing as Hyperplasia is hard to inhibit there have been studies that show there should be a focus on time under tension to maximise the potential for hyperplasia. 
‘Muscles examined over a 28-d stretching period of the ALD muscle. Demonstrated results that progressive stretch overload, produces effects unlike chronic stretch overload in that longitudinal fibre splitting which may contribute significantly to an increase in fibre number.’ [18] This would suggest that in order to optimize training to achieve both Hypertrophy/Hyperplasia we should look to have an emphasis on time under tension and weighted stretching to allow us to create new muscle fibres.  Despite all this evidence we do know that, ‘The use of anabolic steroids when combined with strength training induces a far greater gain in muscle size and new muscle fibre formation.’ [19] suggesting that there are limitations to these principles and even when optimised cannot match results achieved by an anabolic steroid user.


[bookmark: _Toc25237065]Summary
To conclude in order for all types of athlete to grow more muscle it is important to take into account an adequate diet with enough protein 0.25g/kg of bodyweight to facilitate MPS. In addition to this it is key, that athletes of all levels maximise the progressive overload principle in order to place new stress on the skeletal muscle. This in combination of an adequate diet will allow them to maximise MPS which with proper training will allow for Hypertrophy/Hyperplasia optimization allowing for the maximising muscle building potential over a shorter period of time.  It is also very important to take into account when writing an optimized muscle building program, that MPS is elevated for 36hrs meaning any athletes looking to gain muscle mass should organise training of different muscle groups around his 36hr window. A good program should ensure to retrain the muscle at the end of this window to keep the body constantly undergoing MPS.
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